The construction of the Cosmicflows-2 compendium of distances involves the merging of distance measures contributed by the following methods: (Cepheid) Period-Luminosity, Tip of the Red Giant Branch (TRGB), Surface Brightness Fluctuation (SBF), Luminosity-Linewidth (TF), Fundamental Plane (FP), and Type Ia supernova (SNIa). The method involving SNIa is at the top of an interconnected ladder, providing accurate distances to well beyond the expected range of distortions to Hubble flow from peculiar motions. In this paper, the SNIa scale is anchored by 36 TF spirals with Cepheid or TRGB distances, 56 SNIa hosts with TF distances, and 61 groups or clusters hosting SNIa with Cepheid, SBF, TF, or FP distances. With the SNIa scale zero point set, a value of the Hubble Constant is evaluated over a range of redshifts 0.03 < z < 0.5, assuming a cosmological model with Ω m = 0.27 and Ω Λ = 0.73. The value determined for the Hubble Constant is H 0 = 75.9 ± 3.8 km s −1 Mpc −1 .
INTRODUCTION
The light curves of Type Ia supernovae (SNIa) can be interpreted to give remarkably accurate distances to galaxies out to redshifts of order unity (Riess et al. 1998; Perlmutter et al. 1999) . The useful reach of SNIa extends well beyond the domain of suspected velocity perturbations to the cosmic expansion so provides the best means currently available for the determination of the Hubble Constant. However the zero point scale of the SNIa distance measurements must be established through comparisons with alternative methods and the number of local SNIa that have been observed in sufficient detail is still small. Riess et al. (2009 Riess et al. ( , 2011 have undertaken the most substantial effort to date to provide the required calibration. The current study was motivated by the opportunity to significantly enlarge the calibration sample.
This project is coupled with a program that combines new observations and archival retrieval in the construction of a compendium of galaxy distances that we are calling Cosmicflows-2. A core element of the compendium is distances derived from the correlation between galaxy luminosities and rotation rates (Tully & Fisher 1977) . A new calibration of this so-called TF method has recently been published (Tully & Courtois 2012) . We have been engaged in optical photometry and radio HI observations of several samples (Courtois et al. 2011a,b) , among them a sample of galaxies within 10,000 km/s that have hosted well observed SNIa.
Distances from the TF method determined within our program provide an anchor but the assembly of the Cosmicflows-2 database provides more extensive resources. A very important component from the literature derives from the same methodology but uses independent analysis procedures; the large compilation of distances identified by the project name 'SFI++' (Springob et al. 2007) . Another important component is based on the Fundamental Plane methodology and here we draw on results from three groups identified by the team names 'SMAC', 'EFAR', and 'ENEAR' Colless et al. 2001; Bernardi et al. 2002b) .
Distance measures based on the TF and FP methods are plentiful but individually uncertain. The situation is improved by averaging estimates for all galaxies in a common group. In several groups or clusters, more than one SNIa has been usefully recorded. There are instances where we do not have an alternative distance estimate to the host galaxy of a SNIa event but we do have an alternative distance estimate to the host group.
If we are going to establish a zero-point scale for the SNIa methodology then we want to have a coherent assembly of supernovae from nearby to far away. We draw upon the UNION2 compilation (Amanullah et al. 2010) . Four local compilations based on alternative analysis variations provide checks (Prieto et al. 2006; Jha et al. 2007; Hicken et al. 2009; Folatelli et al. 2010) .
We begin with an assembly of a catalog of SNIa with a common set of relative distance measures. We then give a description of our observational program and provide a preliminary calibration of the SNIa scale with our data alone. Then there is a section that describes the integration of literature contributions and the correlation of galaxies with groups. In the following section we are able to generate our best calibration of the SNIa scale.
A SNIA SAMPLE
If there is a scale that achieves a 'fair sample' representation of the mean properties of the universe, distances independent of redshift on that scale are surely -and at this time uniquely -probed by SNIa. We begin this study by accumulating a large body of SNIa distance estimates on a consistent relative scale, ranging from the nearest known SNIa to those that probe cosmological curvature at z ∼ 1. Our goal is to refine the absolute scale through overlaps with other distance measurement methodologies Note. -Offset required to take source modulus µsource to UNION2 scale, r.m.s. scatter in source-UNION2 comparison, and standard deviation are in units of magnitude. µ union2 = µsource − offset so we give particular attention to achieving good coverage locally.
We have no expertise with SNIa technology so we accept measurements from the literature and limit our attention to assuring that information from alternative sources are on a consistent scale and, through intercomparisons, weed out a very small number of inconsistent measures. The SNIa compilation UNION2 (Amanullah et al. 2010 ) provides a useful reference standard because it is very large and spans the full range of observed redshifts. The distance moduli from this reference are nominally consistent with a value of the Hubble Constant H 0 = 100 km s −1 Mpc −1 and the cosmological mass-energy density parameters Ω m = 0.27 and Ω Λ = 0.73. We have confirmed that these mass-energy density parameters give a good fit decoupled from modest modifications to the specification of H 0 .
There have been a significant number of local SNIa events that are not included in the UNION2 compilation but have received attention by others. We give consideration to four other sources (Prieto et al. 2006; Jha et al. 2007; Hicken et al. 2009; Folatelli et al. 2010) for SNIa within z = 0.1. There are large overlaps that permit each of the alternative sources to be transformed to the UNION2 scale with excellent precision. Variations on the most popular supernova light curve fitters are represented. In the case of Hicken et al. four fitting procedures are compared and we take distance measures from this reference based on the SALT2 analysis where available (appreciating that we are concerned with SNIa at low z, mitigating issues that arise at high z) and supplement with a few additional cases from the MLCS17 analysis. The data that we have gathered on nearby SNIa from the five sources are made available on-line in a way that can be easily compared at EDD, the Extragalactic Distance Database 1 . Table 1 records the details of correlations between UNION2 and the four additional literature sources. At worst, rms scatter is ∼ 0.2 mag and at best it is 0.05 mag. Of course, different observers are looking at the same supernovae and most often the same light curve information but with separate analysis procedures. The good news for our purposes is that we can reliably combine the alternative sources into a single consistent catalog of distances. Figure 1 shows the Hubble diagram for the full sample with the UNION2 compilation extending to z ∼ 1 and the combination of five sources contributing 1 http://edd.ifa.hawaii.edu 318 SNIa within the domain z < 0.1.
3. PRELIMINARY SNIA ZERO POINT CALIBRATION SNIa occur in all types of galaxies including normal spirals that are good targets for distance measurements based on the correlation between luminosity and rotation rate, the TF method. We initiated a program to collect I band photometry (Courtois et al. 2011a ) and radio HI profile information (Courtois et al. 2009 (Courtois et al. , 2011b for spiral galaxies that have hosted SNIa drawn from the lists of Tonry et al. (2003) and Jha et al. (2007) . Some more recent supernovae have occurred in galaxies that by good fortune are found in our expanding compendium of photometry and HI spectroscopy (see EDD). Concurrently, we have completed a re-calibration of the TF correlation (Tully & Courtois 2012 ) that involves a revised procedure for handling digital HI profiles and is based on a 13 cluster slope template and a 36 galaxy zero point calibration specified by Cepheid Period-Luminosity (Freedman et al. 2001) and Tip of the Red Giant Branch (Rizzi et al. 2007 ) distance measures.
Presently we have TF distances for 56 galaxies that have hosted well observed SNIa. These galaxies are identified and information about the distance estimates are given in Table 2 . A comparison of TF and SNIa distance is shown in Figure 2 .
We are surprised by two aspects of this comparison. First, the scatter, at ±0.54 mag rms, is larger than anticipated by the fiducial expectation of TF scatter ∼ 0.4 and SNIa scatter ∼ 0.2. What is seen in the lower panel of Fig. 2 does not resolve the issue. Restricting attention to velocities larger than 4000 km s −1 to minimize influence of peculiar velocities, the scatter found in the Hubble parameter − velocity/distance − are consistent with expectations from the SNIa and TF measures respectively. A scatter of ∼ 0.45 mag would be anticipated in the upper panel. Second, taken from this SNIa sample alone and accepting the nominal UNION2 zero point as a valid fit, it would be inferred that H 0 = 79 km s
which is higher than most modern estimates. However the UNION2 zero point set at H 0 = 100 is nominal and we will see that it is best fit by a slightly lower value.
4. ALTERNATIVE DISTANCES AND GROUP AVERAGING The comparison against the SNIa scale in the last section involved only our own measurements but the comparison can be broadened considerably by involving distance estimates from other sources. In addition, the linkage of SNIa events with galaxy groups allows, first, for an averaging of distance and velocity parameters over multiple measures and, second, for an extension of comparisons beyond the specific galaxy that hosted the SNIa.
In a few very nearby cases there are high precision distance determinations. Our fundamental zero-point is established in concordance with the HST Key Project scale assuming a modulus of 18.5 for the Large Magellanic Cloud (Freedman et al. 2001 ). There are direct Cepheid measurements for 12 SNIa hosts, including 8 used by Riess et al. (2011) in their determination of the SNIa distance scale zero point. These and other Cepheid observations provide distances to the Virgo, Fornax, and Centaurus clusters. The Surface Brightness Fluctuation (SBF) method provides alternative precision distances on the same scale to the Virgo and Fornax clusters (Blakeslee et al. 2009 ) and to a dozen smaller groups or clusters Blakeslee et al. 2010) .
Next, we consider measures that are individually less precise but are numerous and effective over a wide range of redshifts. One particularly important source to consider uses the same TF methodology discussed in the previous section: the extended field spiral sample with I band photometry (SFI++) discussed by Springob et al. (2007) , a collection and extension of results from the Cornell group (Giovanelli et al. 1997; Dale et al. 1999; Masters et al. 2006; Catinella et al. 2007) . Then extending to a separate methodology, we give attention to three sources that independently work with the Fundamental Plane (FP) relationship. The three contributing teams describe themselves with the acronyms EFAR (Colless et al. 2001) , SMAC , and ENEAR (Bernardi et al. 2002a,b) .
Attention is first given to the integration of the three FP samples. There is essentially no overlap between EFAR and ENEAR samples but both have considerable overlap with SMAC. Blakeslee et al. (2001) established a zero point link between SBF and SMAC measurements. For these reasons we begin by using SMAC as a basis of comparison between FP sources. The comparisons binned to clusters are shown graphically in Figure 3 and details are recorded in Table 3 . The value of the Hubble parameter indicated in the case of SMAC comes from the SBF linkage and the values of the Hubble parameter indicated in the cases of EFAR and ENEAR come from shifts from the EFAR and ENEAR nominal zero points resulting from the least squares fits to the overlaps with SMAC. Each of the individual correlations is consistent with a slope of unity.
The comparisons in Figure 3 are averaged measures over multiple galaxies in clusters, mostly from the revised Abell catalog (Abell et al. 1989) . Similarly with SFI++, our interest in this paper is with averaged measures within clusters. Within this latter data set, we accept the 'In' memberships identified by the SFI++ collaboration (Masters et al. 2006; Springob et al. 2007 ). We then seek to minimize the zero point differences in the threeway overlap of distances to clusters in the Cosmicflows-2 calibration paper (CF2) of Tully & Courtois (2012) , the SFI++ clusters, and clusters in the composite of the three Fundamental Plane sources (FP).
With each comparison of distances, it was first confirmed that an unrestricted slope is statistically compatible with a slope of unity. Then, with a slope of unity assumed, zero point offsets were determined between the pairwise combinations of the triad CF2, SFI++, and FP. Results are recorded in Table 3 . The final zero point is set by CF2. Operationally, we first merged CF2 and SFI++ because these two are based on the same methodology and the rms scatter and standard deviation are the smallest of the pairwise comparisons. Then we took the average of the shifts necessary to bring FP into separate agreement with CF2 directly (shift: 0.145 mag) and to SFI++ then to CF2 (shifts: 0.077+0.045=0.122 mag). The difference of 0.023 translates to 1% in distance. We take the straight average of the two shifts to bring FP to the CF2 scale because the standard deviations of the two routes are essentially equal: the smaller dispersion in the case of direct to CF2 is offset by the larger comparison sample in the case of passage by SFI++. The three-way comparisons are shown in Figure 4 set to our final preferred zero point scale.
The revised SFI++ and FP scales are small departures from values advocated by the relevant authors. In the case of SFI++, the published zero point (Masters et al. 2006 ) is based on 16 calibrators in common with our 36. There is a 1% difference in the calibration because SFI++ includes metallicity corrections to the Cepheid magnitudes (Sakai et al. 2004 ). Excluding that minor correction to enable a direct comparison, then the value of H 0 that SFI++ favors is 75. The adjustment to the CF2 scale would increase this value to 76 km s −1 Mpc −1 . In the case of the FP samples, only SMAC tried to provide a zero point calibrated scale which is why we transfered all FP values to agree with that source. The calibration in that case was from an overlap with SBF targets that was tied back to the HST Key Project Cepheid scale. The value of H 0 preferred by that source is 72.6. The value transferred to the CF2 scale is 77 km s −1 Mpc −1 . The tentative value for H 0 derived in the CF2 calibration paper (Tully & Courtois 2012 ) is 75 km s −1 Mpc −1 .
The SFI++ and three FP samples applied to clusters provides increased reliability in the comparison we will make with SNIa distance scale but for the most part these samples, restricted as they are to clusters, make contributions only beyond ∼ 3000 km s −1 . More nearby, we can take advantage of a knowledge of the composition of groups, using an updated version of an early catalog (Tully 1987) , to permit an averaging over multiple measures and to permit comparisons if the SNIa host has no alternative distance estimate but resides in a group with a measure. We accumulate the various distance determinations for clusters beyond 3000 km s −1 in Table 4 and for groups within 3000 km s −1 in Table 5 . A remaining and very important source of comparison is with the direct SNIa − Cepheid linkage established by Riess et al. (2011) . We accept their zero point based on the average of the maser distance to NGC 4258 (Herrnstein et al. 1999 ) and anchors based alternatively on Large Magellanic Cloud or Galactic Cepheids. The Riess et al. sample is small, only 8 galaxies, but the measures are high quality.
In Figure 5 we show a comparison between distance moduli by alternative methods transformed to the CF2 scale and by SNIa on the UNION2 scale. There is complexity to the fit because of the heterogeneous nature of the input. We use weights w = 1/ǫ 2 where ǫ are errors assigned by the following rules. Individual SNIa, Cepheid, and HST SBF measures are given errors ǫ = 0.2 in distance modulus, ground based SBF measures are given errors ǫ = 0.3, while TF and FP measures are given errors ǫ = 0.4. No cluster or group is given a cumulative error less than ǫ = 0.1 from a single method. The final fit involves 36 clusters at velocities greater than 3000 km s −1 , 25 groups within 3000 km s −1 , 36 individual galaxies that hosted SNIa with TF measures, and 8 individual galaxies that have hosted SNIa with Cepheid measures. The offset between the SNIa and 'other' distance moduli is 0.557 with a scatterǭ = 1/ √w = 0.41 mag. This offset would shift the nominal SNIa scale from H 0 = 100 to H 0 = 77 km s −1 Mpc −1 . However the nominal UNION2 SNIa zero point requires attention. The scatter in the top panel conforms to expectations implicit in the scatter in the lower panels. The standard deviation with 69 'good' measures is 0.05 mag.
THE SNIA SCALE AND H 0
The zero point linkage to the SNIa distance scale provides the opportunity to obtain a measure for H 0 in a 'fair sample' domain, beyond the range of significant velocity perturbations. In the previous section we established a bridge to the sample of SNIa with z < 0.1 discussed in Section 2. This sample is referenced to the UNION2 scale but includes contributions from four additional sources. Figure 6 illustrates a variation of the Hubble diagram for this SNIa sample. The Hubble parameter is defined by the equation
where d and z are distance and redshift, we assume the jerk parameter j 0 = 1 and the acceleration parameter
The zero point is revised in accordance with the fit to alternative distance measures shown in Fig. 5 . The choice of cosmological model is not important for this relatively local sample. The effect of using an alternate model on the preferred value of H 0 is at the level of 1%. The fit to all 311 cases in Fig. 6 gives H 0 = 75.2. The best fit over the range 0.03 < z < 0.09 illustrated by the flat line requires H 0 = 76.6 ± 0.5 km s −1 Mpc −1 . The uncertainty is the standard deviation of the fit. The rms scatter in 118 cases is ±6.9 km s −1 Mpc −1 (with 3σ culling of 1 object) corresponding to 9% in distance at a given velocity.
We turn attention now to the full UNION2 sample of SNIa and to a best fit for the Hubble Constant over the wide range of redshifts covered by that sample. Figure 1 shows the preferred fit of a cosmological model by the UNION2 collaboration (Amanullah et al. 2010 ) in a Hubble diagram with distances on a relative scale. We show the same UNION2 data again in Figure 7 except we replace distance on the ordinate with the Hubble parameter calculated in accordance with Eq. 1. This display expands the view of the dispersion around the model fit and the binned data gives clearer insight into systematic deviations. It is seen that the binned data lies slightly below the nominal model value of H 0 = 100 km s
at most redshifts. The discussion that lead to Figure 6 provides a robust zero point link to the UNION2 sample. The shift to this zero point (-0.111 in the logarithm of the Hubble parameter in accordance with the relationship µ UN ION 2 = µ CF 2 − 0.557) results in the plot shown in Figure 8 .
A least squares fit to log H 0 over the full redshift range z > 0.01 (629 cases after 3σ clip) gives the result H 0 = 75.9 km s −1 Mpc −1 . There is a hint that there is a drop in the Hubble parameter at H 0 ∼ 0.08. The best fit over the range 0.03 < z < 0.08 (97 cases after 3σ clip) gives H 0 = 76.6 while the best fit over the range 0.08 < z < 0.5 (256 cases, 3σ clip) gives H 0 = 75.7. These fits exclude Fig. 6 . Over the range 0.03 < z < 0.5 the UNION2 sample is fit by H 0 = 75.9 km s −1 Mpc −1 . z < 0.03 where peculiar velocities might be important and z > 0.5 where cosmological corrections and errors are important. The difference in H 0 between the nearer and farther range is 0.9 ± 0.7, not a significant effect. We checked for a possible dip in the Hubble parameter near 0.08 < z < 0.1 in two independent compilations. In the case of the Carnegie Supernova Project compilation (Freedman et al. 2009; Folatelli et al. 2010) there is a step downward at z ∼ 0.1 of ∆H 0 = 2.4 ± 1.4, again not statistically significant but consistent with UNION2. However in the Hicken et al. (2009) SALT2 compilation there is essentially no difference in H 0 between low and high redshift cuts. We conclude that the best fit with the UNION2 compilation is obtained by averaging over the range 0.03 < z < 0.5, with 347 cases (3σ clip) giving H 0 = 75.9 ± 0.3 (standard deviation of the mean) with rms scatter ±6.6 km s −1 Mpc −1 .
6. DISCUSSION AND SUMMARY The value of H 0 derived from our calibration is somewhat higher than most recent literature values although within the range of reasonable uncertainties as we will review. For example Riess et al. (2011) consider three alternative zero point calibrations for the Cepheid PeriodLuminosity relation which they link to the SNIa scale and arrive at the preference H 0 = 73.8 ± 2.4 km s −1 Mpc −1
(random + systematic). Alternatively, Masters et al. (2006) used a methodology with SFI++ and a calibration based on Cepheid distances with strong parallels with the present work and found H 0 = 74 ± 2 (random) ±6 (systematic). In a review, advocate H 0 = 73 ± 2 (random) ±4 (systematic). A 7 year WMAP analysis (Komatsu et al. 2011) prefers, but does not directly measure, H 0 = 71.0 ± 2.5 km s −1 Mpc −1 . It is not new that we find a slightly higher value for H 0 . In our recent re-calibration of the TF relation (Tully & Courtois 2012) we tentatively found H 0 = 75 km s −1 Mpc −1 from distances to 13 clusters, slightly lower than the value found from a calibration a decade earlier (Tully & Pierce 2000) of H 0 = 77 km s −1 Mpc −1 , mostly, because of a small Malmquist (selection) bias correction now being applied and, slightly, because of the availability of more zero point calibrators. , Riess et al. (2011), and Freedman et al. (2011) have extensive discussions of errors. They argue that uncertainties are presently at the level of 3% and that 2% is within reach. Perhaps so, but we think that there are concerns that are not included in their error budgets. For one, the scatter in Figure 2 is disconcertingly above the expectation of 0.45 if SNIa measure distances with a characteristic uncertainty of 10%. In Figure 5 , the scatter in the zero point between the separate group or Cepheid based components is 4%. This number provides an estimate of systematics.
Our other concern is with the possible influence of peculiar velocities. Riess et al. (2011) consider the uncertainty here is 0.5%. Freedman et al. (2011) do not budget this effect. It is possible the tentative dip in the Hubble parameter at z ∼ 0.08 is a manifestation of very large scale flows. Flows on the scale of 20,000 km s −1 have been reported by Colin et al. (2011) and Turnbull et al. (2011) based on analyses of two of the SNIa samples used here (Amanullah et al. 2010; Hicken et al. 2009 ). We partially discount the effect of any such flow by extending to z = 0.5 with our fit for H 0 so a systematic should be 1% or less over such a great range.
If otherwise we accept the error budget given by Riess et al. (2011) amounting to 3% then our total estimated error including systematics amounts to 5%. We conclude with our best estimate for the Hubble Constant of H 0 = 75.9 ± 3.8 km s 
